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(57) ABSTRACT 

A Steel material Suitable for producing components for 
picture tubes, in particular for producing masks, Shielding 
covers or frames for Such picture tubes, with Outstanding 
characteristics concerning the requirements to be met by 
Such components, according to the invention, comprises the 
following composition (in weight %): 

C: 0.0001-0.01%, 
N: 0.0001-0.0035%, 
Mn: 0.01-0.7%, 
Si: <0.03%, 
P: <0.1%, 
S: <0.1%, 
Alacid-soluble <0.008%, 
Cr: <0.1%, 
Mo: 0.0001–0.08%, 
Sn: <0.015%, 

if necessary further additives with the remainder being iron 
and the usual impurities. 

8 Claims, No Drawings 
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METAL COMPONENTS FOR PICTURE 
TUBES 

BACKGROUND OF THE INVENTION 

The invention relates to a Steel for producing components 
for picture tubes, in particular for producing masks, Shield 
ing covers or frames for Such picture tubes. Furthermore, the 
invention relates to a method for producing Steel sheet 
intended for producing components for picture tubes, using 
Such a Steel. 

Picture tubes of television Sets, computer monitors and 
the like comprise So-called Shadow masks, aperture masks 
or grille masks. These masks consist of a Steel sheet, 0.05 to 
0.2 mm in thickness, comprising a multitude of regularly 
arranged apertures or slots. Their function consists of delim 
iting the cathode ray of the picture tube before it reaches the 
coatings of the display Screen, which coatings emit red, blue 
or green light. In this way an image of excellent Sharpness 
and contrast can be generated on the display which is visible 
to the viewer. Furthermore, the masks shield the picture tube 
from external magnetic influences while at the same time 
preventing excessive electron radiation from reaching the 
Surroundings. 
To ensure effective Shielding, as a rule the masks com 

prise a Soft magnetic material based on a non-alloyed 
low-carbon steel enriched with Cr and killed with alu 
minium. Usually, Such a Steel is melted in a converter and 
poured to form slabs or thin slabs. These slabs are first hot 
rolled, then pickled, cold rolled for a first time before being 
Subjected to a first annealing in decarburising medium, So as 
to achieve an extremely low carbon content. The Strip 
annealed in this way is again cold rolled before the apertures 
or slots for the Shadow masks are produced in a photoetching 
proceSS. 

Sheets are cut to Size from the perforated Starting material. 
In the case of Slotted masks, these sheets are placed in a 
frame which keeps the thin Stay-like slot delimitations taut 
by means of mechanical tension. In the case of perforated 
masks, if necessary, the sheets which have been cut to Size, 
are Subjected to recrystallising annealing before being 
deformed by deep drawing and Stretch drawing. Both in the 
case of slot masks and in the case of aperture masks, final 
annealing is carried out during which the desired darkening 
of the mask is achieved. 

This normal procedure is associated with disadvantages in 
that annealing in decarburising medium has to be carried out 
Slowly, with an open coiler, in a bell-type annealing furnace. 
Furthermore, the rolling geometry during the Second cold 
rolling Step has to be maintained with the highest precision 
which means that the rolling mill used must meet the highest 
requirements concerning controllability and accuracy of 
dimension. 

The production proceSS and operational requirements of 
masks in picture tubes dictate that the Starting material must 
have a good degree of purity and defined grain sizes So as to 
ensure a clean etched image. Furthermore, the material must 
have a yield point without permanent elongation So as to be 
able to be deformed without any danger of deformation lines 
occurring. 
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2 
The material for tensioned masks must have good form 

Stability also at the considerable tension forces acting upon 
it in the installed state, with such form stability having to be 
ensured even under the influence of heat during further 
production Steps. Otherwise there is a danger that relaxation 
of the mask material will result in deformation of the 
apertures or slots made in the material. Such loSS of tension 
as a result of excessive yielding of the material, as a result 
of which the respective component loses its shape, leads to 
colour shifts during the projection of the image on the 
display Screen because the colour dots are no longer prop 
erly rendered. The aforesaid applies in particular in the case 
of masks comprising regularly arranged apertures of Small 
diameter. 

The Japanese published application JP 62249339 A dis 
closes an extra-low carbon Steel which is intended to meet 
the requirements Stated. Apart from iron and unavoidable 
impurities, this steel comprises 0.0040–0.01% nitrogen, less 
than 0.03% C, less than 0.03% Si, and less than 0.1% 
Ali (all details in Weight %). A nitrogen content of 
at least 40 ppm prevents residual elongation during recrys 
tallisation annealing. It has been found that the greater the 
nitrogen content, the Smaller the relaxation. The Japanese 
published application therefore recommends a nitrogen con 
tent of 0.0055–0.0075 weight %. However, taking into 
account the usually applied proceSS Steps in the production 
of Steel, Such levels of nitrogen content are undesirable. 

SUMMARY OF THE INVENTION 

It is thus the object of the invention to provide a steel 
material Suitable for producing components for picture 
tubes, Said Steel material comprising Outstanding character 
istics concerning the requirements to be met by Such com 
ponents. Furthermore, it is the object of the invention to 
provide a method for producing Steel sheet intended for 
producing components for picture tubes, using Such a steel. 
From the point of view of the material, this object is met 

by a steel with the following composition (in weight 96): 

C: 0.0001-0.01%, 
N: 0.0001-0.0035%, 
Mn: 0.01-0.7%, 
Si: <0.03%, 
P: <0.1%, 
S: <0.1%, 
Alacid-soluble <0.008%, 
Cr: <0.1%, 
Mo: 0.0001–0.08%, 
Sn: <0.015%, 

if necessary further additives with the remainder being iron 
and the usual impurities. 

In spite of its low nitrogen content, a Steel with Such a 
composition comprises characteristics which make it emi 
nently Suitable for producing components for picture tubes. 
Surprisingly, it has been found that the slight tendency to 
relaxation in the deformed annealed condition-which in the 

State of the art occurs only with an increased content of 
N-can be achieved at a lower nitrogen content if at the 
Same time a reduced carbon content is taken into account. 
The addition of molybdenum and tin further improve the 
creep characteristics in the iron Solid-Solution. As a result, 
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the invention provides a Steel which makes possible the 
production of components for picture tubes, in particular 
aperture masks or grille masks with effective reduction or 
prevention of relaxation of the material during the produc 
tion process. 

According to the invention, the carbon content is limited 
to max. 0.01 weight %, because carbide fractions are 
increased if the carbon content exceeds this value. Such an 
increase would result in reduced etchability of the steel. In 
addition, exceeding the maximum carbon content according 
to the invention would increase the quantity of dissolved 
carbon in the Steel, with a resulting increase in the flow 
resistance and extension of the flow limit after final anneal 
ing. These would have a negative effect on the deformability 
of the sheet. The carbon content of a Steel according to the 
invention should therefore be as low as possible. According 
to a preferred embodiment of the invention, the carbon 
content is therefore limited to less than 0.008 weight %. 

The nitrogen content, due to its Strong interstitial effect in 
combination with the equally interstitial effect of carbon, 
affects the creep resistance. Therefore, according to the 
invention, the nitrogen content is limited to values below 
0.0035 weight %. In this context, a nitrogen content below 
0.003 weight 9% is preferred because at such a low content, 
a further improved creep resistance is obtained. In addition, 
as a result of limiting the nitrogen content according to the 
invention, with respect to the presence of aluminium, an 
increase in the fraction of unfavourable AlN is prevented. As 
a result of AlN precipitation, the etchability of a sheet made 
from the respective steel is also limited, with its deform 
ability being reduced. 
Due to the reduction of the AlN fraction which is asso 

ciated with lowering the aluminium content, and the result 
ing improvement of etchability, the Steel with the composi 
tion according to the invention is particularly well Suited to 
producing components of picture tubes. At the same time, as 
a result of the very substantial prevention of AlN, all the 
nitrogen is kept in Solution (interstitial). Together with the 
carbon, which at a low carbon content is also present in 
Solution, from the point of View of reducing elongation as a 
result of blocking of dislocations, nitrogen is more effective 
when compared to a situation where these elements would 
be present in a precipitated form (in the form of AlN). From 
the point of view of the required profile of characteristics 
(low elongation values), the combination of low aluminium 
content in combination with low nitrogen and carbon con 
tent is thus particularly favourable. 

Manganese prevents hot brittleness which would other 
wise be caused by the formation of FeS, in that Sulphur in 
the form of MnS is precipitated. Therefore, according to the 
invention, at least 0.01 weight % of manganese is added to 
the Steel. However, at a manganese content exceeding 0.7 
weight %, the steel becomes too hard and its formability 
deteriorates due to the hardening of manganese present in 
Solid Solution. In the Steel according to the invention, an 
optimal compromise between the negative and positive 
characteristics of manganese can be achieved if the manga 
nese contentise 0.4 weight 9% ands O.6 weight %, prefer 
ably 0.5 weight %. 

Phosphorus is a substitutional alloy element with a con 
siderable hardening effect in Solid Solution. However, exces 
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4 
Sive hardening of the Steel has a negative effect on its 
deformability. For this reason, according to the invention, 
the P content is limited to values below 0.1 weight 9%. 

Sulphur forms Sulphide-like non-metallic inclusions 
which have a negative effect on the etchability of sheet made 
from Such Steel. For this reason, the S content according to 
the invention is less than 0.1 weight 9%. 

During Steel production, aluminium is added for deoxidi 
sation. AS mentioned, in conjunction with nitrogen, this can 
result in the formation of AIN. Apart from reducing the 
etchability, these aluminium nitrides also cause increased 
hardness of the Steel. For this reason, according to the 
invention, the content of Ali is limited to less than 
0.008 weight %. The Al content should be as low as 
possible; in a preferred embodiment of the invention it 
is<0.003 weight %. 
Chromium is added to a maximum content of 0.1 weight 

% because this element increases the adhesive property of 
the oxide film which is generated by darkening annealing as 
part of the production of masks. If more than 0.1 weight 9% 
of chromium is added to a steel of the type according to the 
invention, its hardness increases too much to Still maintain 
the required deformability. 
AS an element with a large difference in atomic radius 

compared to iron, molybdenum enhances creep resistance 
and thus resistance to relaxation of the Steel material during 
the production of components, in particular aperture masks 
or grille masks, for picture tubes. However, with a content 
exceeding 0.08 weight %, Mo excessively impedes recrys 
tallisation during intermediate annealing which may be 
carried out. The influence of molybdenum on a Steel accord 
ing to the invention is optimal if the Mo content is<0.006 
weight %. 

Tin has the same positive effect on creep resistance as 
does molybdenum. At the same time however, tin causes the 
Steel to become brittle. For this reason, according to the 
invention, the tin content is limited to values of<0.015 
weight %. 

According to a further advantageous embodiment of the 
invention, up to 0.3 weight % of tungsten is added to the 
Steel. This addition of tungsten further improves creep 
resistance. 
Due to its good form Stability under considerable load, its 

good etchability and its magnetic properties, the Steel 
according to the invention is eminently Suitable for produc 
ing shadow masks, aperture masks or grille masks, frames or 
Shielding covers for picture tubes. 

DETAILED DESCRIPTION OF THE 
INVENTION 

From the point of view of the method for producing steel 
sheet intended for producing masks for picture tubes, using 
a Steel according to the invention, the object of the invention 
is met in that at least the following Steps are carried out: 

melting the Steel; 
continuous casting of the molten Steel to form Slabs or thin 

slabs, 
annealing of the cast Slabs or thin Slabs at a temperature 

of 1050-1250° C.; 
hot rolling the annealed Slabs or thin Slabs at temperatures 

of 800-940° C. to a hot strip with a thickness of 0.7-4.5 
mm, 
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coiling the hot strip at a temperature of 300-650 C.; and 
cold rolling the Strip to a final thickness at a reduction 

ratio of 40-90% for each cold-rolling step. 
If the proceSS Steps according to the invention are 

observed and if a Steel according to the invention is used as 
a basis, cold-rolled Steel sheet is obtained which has out 
Standing etchability and creep resistance. Subsequent to the 
proceSS Steps according to the invention, the proceSS Steps 
which are usually carried out during production of the 
relevant component for picture tubes, are carried out. 

If required, cold rolling can be carried out in Several 
Stages. Depending on the product to be produced, it may also 
be advantageous, between the cold-rolling Steps, to carry out 
intermediate annealing at a temperature of 300-800° C. 
Intermediate annealing can be carried out as bell annealing 
(batch annealing) or in a continuous furnace. To improve the 
accuracy of dimension and the Surface appearance, it is also 
favourable if the cold-rolled steel strip is rerolled following 
cold rolling. 

Below, the invention is explained in more detail by means 
of an embodiment. 

Table 1 shows the composition (in mass %) of steels used 
for the production of three steel sheets E1, E2 and E3, 
according to the invention, and of two comparison sheets 
V1,V2. In addition, Table 1 shows the thickness in mm of 
the respective sheets. 

Each of the aluminium-killed Steels was melted in an 
oxygen Steel plant using a vacuum treatment, and continu 
ously poured to slabs on a continuous casting machine. For 
homogenisation, the slabs were Subsequently annealed at a 
temperature of approx. 1250 C. 

In the case of the sheets E1, E2, E3, made on the basis of 
a Steel according to the invention, the annealed Slabs were 
hot-rolled to a hot Strip 3 mm in thickness, at a finishing 
temperature of 890 C. The hot strip was coiled at a coiling 
temperature of approx. 570° C. Subsequently the hot strip 
was pickled and in a first Stage was cold rolled to an 
intermediate thickness of 0.8 mm. This was followed by an 
intermediate annealing carried out at approx. 580 C., in a 
bell annealing furnace according to a bell annealing cycle. 

Intermediate annealing was followed by a Second Stage of 
cold rolling in which the Strip was cold-rolled to an inter 
mediate thickness of 0.2 mm. Subsequently, short-time 
annealing at 750 C. was carried out. Then the strip was 
rerolled to its final thickness of 0.081 mm in variant E1, to 
0.067 mm in variant E2, and to 0.076 mm in variant E3. 

In the case of the comparison sheet V1 which does not 
form part of the invention, the annealed slab was rolled to a 
hot Strip of 2.5 mm thickness at a finishing temperature of 
approx. 870° C. and coiled at a temperature of approx. 580 
C. After pickling and cold rolling to an intermediate thick 

Thickness 
Sheet Imm C 

E1 O.081 O.OO76 
E2 OO67 O.OO76 
E3 O.O76 O.OO76 
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6 
ness of 0.8 mm, hood annealing at approx. 650 C. was 
carried out according to a hood cycle. Subsequently, in a 
further Step, the Strip was cold-rolled to a final thickness of 
0.1 mm. 

In the case of the comparison sheet V2 which also does 
not form part of the invention, the slab was rolled to a hot 
Strip, 3 mm in thickness, at a finishing temperature of 860 
C. The hot strip was then coiled at a temperature of 590 C. 
This was followed by pickling and cold rolling to an 
intermediate thickness of 0.9 mm, followed by bell anneal 
ing at approx. 650 C. Subsequently, in a Second step, the 
cold Strip which had previously been Subjected to interme 
diate annealing, was cold-rolled to its final thickness of 0.1 

. 

An approximate estimate of the creep resistance can be 
obtained on the basis of the elongation at fracture Aso 
obtained in the tensile test. For this reason Table 2 shows the 
mechanical properties “Tensile Strength R. and “Elonga 
tion at fracture in transverse direction Aso of a sheet which 
after completion of cold Strip production was not Subjected 
to an annealing Step (i.e. in the case of sheets E1, E2, E3 
after rerolling, and in the case of the comparison sheets V1, 
V2 after the second stage of cold rolling). Table 2 also shows 
the mechanical properties "Tensile strength Razoo . 
annealed' and “Elongation at fracture, in transverse direction 
Aso,47oo c. et which are obtained if, after cold rolling, 
the sheets E1, E2, E3, V1, V2 are subjected to further 
annealing treatment at approx. 470 C., as is for example the 
case during the production of aperture masks or grille masks 
for picture tubes. 

Outstanding creep resistance which makes a sheet Suitable 
for use in producing components for picture tubes is present 
if the elongation at fracture is Aso,47oo c. 41%. Fur 
thermore the tensile Strength R47oo c. cited should be 
above 600 N/mm°. 
The sheets E1, E2, E3 achieved elongations at fracture 

80$470° C. appealed of Significantly less than 1%, while at the same 
time achieving tensile strengths Razoo c. eted Signifi 
cantly above 600 N/mm. This shows the outstanding creep 
resistance and Suitability of Steel sheets produced according 
to the invention. 

In contrast, the comparison sheets V1,V2 which do not 
form part of the invention, achieved elongations at fracture 
Aso,47oo c. lated of 10.5% and 5.5% respectively, and 
comparison sheet V1 achieved a tensile Strength 
Razoo c. at of less than 600 N/mm. Consequently, 
both from the point of view of their creep resistance and 
their strength, these sheets fail to meet the essential require 
ments Specified for use in producing components for picture 
tubes, while the sheets according to the invention meet these 
requirements. 

TABLE 1. 

Percentiles of the composition in weight % 

Si Mn P S Alst N Cu Cr Sn N Mo 
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TABLE 1-continued 

Percentiles of the composition in weight 72 

Thickness 
Sheet Imm C Si Mn P S Alst N Cu Cr Sn N MO 

V1 O1 O.O12 O.OO2 O.37 O.OO7 O.OO9 O.OO3 O.OO54. O.O14 O.O22 O.OO1 O.O19 O.OO1 
V2 O1 O.OOO3 O.O18 O.29 O.OO7 O.OO6 O.O48 OOO5 O.O11 O.O13 O.OO2 O.O18 O.OO2 

TABLE 2 -continued 

Sn: <0.015%, 
Rm Aso Rm/470° C. annealed Aso,470° C. annealed 15 W: <0.3%, 

Sheet N/mm. % N/mm. % 

E1 782 0.3 616 0.5 the balance being iron and the inevitable impurities. 
E2 724 0.5 667 O,O 2. The metal components of claim 1, wherein the Steel 
E3 782 0.3 654 0.5 2O comprises <0.008 weight 9% C. 

V1 750 5.5 583 10.5 3. The metal components of claim 1, wherein the steel 
V2 725 2.2 623 42 comprises s().003 weight 9% N, 

25 4. The metal components of claim 1, wherein the steel 
What is claimed is: comprises 20.4 weight % Mn. 
1. Metal components for picture tubes, made from a Steel 5. The metal components of claim 1, wherein the steel 

comprising, in weight %: comprises 0.006% Mo. 

6. The metal components of claim 1, wherein the steel 
comprises s().5 weight % Mn. 

C 0.0001-0.01%, 7. The metal components of claim 1, wherein the steel 
N: 0.0001-0.0035%, 
Mn: 0.01-0.7%, comprises s().6 weight % Mn. 

5. is 8. The metal components of claim 1, wherein the com 
S: <0.1%. ponents are masks, Shielding covers or frames for picture 
Alacid-soluble: <0.003%, tubes. 
Cr: <0.1%, 
Mo: 0.0001–0.08%, 


